###### Learning Point of the Article:

Femoral head fractures require careful classification and pre-operative planning and replacement arthroplasty should be considered for Pipkin Type III femoral head fractures due to high risk of avascular necrosis.

Introduction {#sec1-1}
============

Fracture of the femoral head was first reported by Birkett, in 1869 \[[@ref1]\], but it was only until 1957 when Pipkin described a classification system \[[@ref2]\] categorizing the various types of injuries. He divided femoral head fractures into four types. Type I fractures below the fovea, Type II fractures above the fovea, Type III associated with femoral neck fractures, and Type IV associated with acetabular fractures. According to this classification, Type III (Orthopaedic Trauma Association classification 31C.3 \[[@ref3]\]) injuries had the worst outcome as compared to Type I and II \[[@ref4]\]. In most cases, femoral head fractures are caused by high impact motor vehicle accidents and sometimes fall from great height \[[@ref5]\]. In this case report, we report a curious case of a patient who sustained a femoral head fracture from low-energy trauma. We illustrate the unusual mechanism of injury resulting in a rare Pipkin Type III posterior fracture-dislocation of the femoral head and review literature pertaining to treatment and prognosis of this condition.

Case Report {#sec1-2}
===========

A 35-year-old female who was training for a downhill running race was running at high-speed down a hill when she tripped over a log of wood and fell forward. She subsequently complained of severe pain in her right hip and was unable to mobilize. When brought to the local hospital, plain radiograph showed a right posterior hip dislocation associated with a femoral head fracture ([Fig. 1](#F1){ref-type="fig"}). Manipulation and reduction (M and R) were attempted, approximately within 6 h to injury, to relocate the right hip and subsequent post M and R radiographs showed iatrogenic fracture of the femoral neck ([Fig. 2](#F2){ref-type="fig"}). She was subsequently transferred to our center for further care. On arrival, it was 48 h from the time of her injury. An urgent computed tomographic scan was done which showed a fracture-dislocation of the right hip ([Fig. 3](#F3){ref-type="fig"}). She underwent an open surgical dislocation of the hip and internal fixation of the femoral head that same day.

![Plain radiograph before manipulation and reduction.](JOCR-9-11-g001){#F1}

![Plain film post-manoeuver and reduction showing displaced femoral head fracture.](JOCR-9-11-g002){#F2}

![Pre-operative transverse cut computed tomography scan showing fracture-dislocation of femoral head.](JOCR-9-11-g003){#F3}

As per a standard Ganz's osteotomy \[[@ref6]\], with the patient placed in a lateral position and through Hardinge approach, we performed a trochanteric osteotomy flipping the osteotomized trochanteric fragment anteriorly. Ganz's osteotomy was preferred as it allowed for full exposure of the femoral head conferring advantages in fracture reduction \[[@ref6]\] and compared to the anterior and posterior approach had the lowest risk of avascular necrosis \[[@ref4]\]. This approach allowed for Z-shaped anterosuperior capsulotomy to dislocate the femoral head for visualization and fixation of the fracture. The fracture line ran inferior to the fovea separating a main superior and grossly comminuted inferior fragment ([Fig. 4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"}). The largest femoral head fragment was fixed to the femoral neck with two 6.5mm Depuy Synthes (Depuy Synthes, Warsaw, IN) headless compression screws and the remaining femoral head fragments were reconstructed using4.5mm headless compression screws. The femoral head was then reduced within the acetabulum and the trochanteric flip osteotomy was fixed usingheadless and cortical screws ([Fig. 6](#F6){ref-type="fig"}).

![Comminuted femoral head fracture.](JOCR-9-11-g004){#F4}

![Comminuted femoral head fracture (temporary reduction).](JOCR-9-11-g005){#F5}

![Post-operative films showing femoral head fracture fixation.](JOCR-9-11-g006){#F6}

Post-operative X-rays of the hip demonstrated good reduction of the femoral head and neck fracture. Rehabilitation was started immediately after surgery. She was kept on non-weight-bearing of the operated limb for 6 weeks with gradual increase in weight-bearing thereafter with eventual full weight-bearing status at 3 months post-surgery.

Four months after surgery, the patient complained of persistent right hip pain with ambulation and was unable to wean off her crutches. Plain radiographs showed avascular necrosis of the femoral head with progressive shrink and collapse ([Fig.7](#F7){ref-type="fig"}), resulting in prominent compression screws abutting against the acetabulum. Given the clinical picture, we counseled the patient for the removal of implants and conversion to the right total hip arthroplasty ([Fig.8](#F8){ref-type="fig"}).The patient underwent surgery uneventfully. Rehabilitation was started immediately in the post-operative period. At 12 months following surgery, plain radiographs were satisfactory and the patient could ambulate freely without pain.

![Plain radiograph showing avascular necrosis of the femoral head with progressive shrink and collapse.](JOCR-9-11-g007){#F7}

![Plain radiograph post-right total hip arthroplasty.](JOCR-9-11-g008){#F8}

Informed consent was obtained from the patient for this case write up.

Discussion {#sec1-3}
==========

Femoral head fractures are a rare injury compared to other hip joint pathologies and are often associated with posterior hip dislocations \[[@ref7], [@ref8], [@ref9]\]. Following the first description by Birkett \[[@ref1]\], there have been a few publications in literature in the form of case reports or series. Pipkin classifies femoral head fractures into fourtypes \[[@ref2]\] and of those, Type III fractures were the least frequent only accounting for 8.6% of all femoral head fractures \[[@ref4]\]. In Pipkin's original series of patients, only 3 of 25 (12%) patients had a Type III fracture. Pipkin articulated that there are three elements in the Type 3 injury: Dislocation of the hip, fracture of the femoral head, and fracture of the femoral neck. He extrapolated the mechanism of this injury to include two forces. The first force produces the dislocation of the hip and the fracture of the femoral head; the second force then levers the dislocated head against the iliac wing so that the femoral neck is fractured. He also alluded that the pattern of this injury has been unintentionally reproduced in surgical fractures \[[@ref2]\]. Pipkin advised that while theoretically, closed reduction is possible, an open procedure in which the neck fracture is pinned is more practical. In our patient, a femoral neck fracture was created iatrogenically after attempts at closed reduction, as this was done at a foreign hospital, we are unable to obtain information or records at the reduction techniques attempted.

The increased risk of iatrogenic femoral neck fracture after closed reduction of irreducible hip dislocations compared with that after routine femoral head fracture-dislocations suggests the need for different therapeutic strategies to avoid this complication \[[@ref2], [@ref10], [@ref11]\]. In recent study by Park et al. \[[@ref12]\], it was reported that five of nine patients experienced femoral neck fractures after attempts at closed reduction. All five patients underwent hip arthroplasty at the time of injury or after developing avascular necrosis of the femoral head. Analysis of radiographs and computed tomography (CT) scans revealed that the fractured femoral head was perched on the sharp angle of the posterior wall of the acetabulum in the irreducible hips. After recognizing the irreducibility, the other four cases underwent immediate open reduction without further attempts at closed reduction, which saved the native hip without an iatrogenic neck fracture or avascular necrosis. Through their experience, the authors suggested that before attempting reduction, careful examination of plain radiographs, and CT images might be helpful for determining the safest treatment strategy. In retrospect, the CT images of our patient show features of irreducibility, and hence, imminent open reduction and fixation as opposed to closed reduction may have prevented the iatrogenic femoral neck fracture.

In open treatment of such injuries, there is controversy over the optimal surgical approach. While some argue for a posterior approach due to purported lesser disruption to femoral head blood supply \[[@ref10]\], others argued that the anterior Smith-Peterson approach offered easier access to the femoral head with successful outcomes \[[@ref13], [@ref14], [@ref15]\]. Most recently, a trochanteric flip osteotomy, as performed in our case, has been described in literature \[[@ref6], [@ref16], [@ref17], [@ref18]\]. Correlating these approaches to functional scores (Thompson-Epstein criteria), trochanteric flip osteotomy was superior to posterior approach. There was no statistical significance in outcomes betweenthe three approaches \[[@ref4]\]. However, higher rates of heterotrophic ossification have been reported with a trochanteric flip osteotomy as compared to the anterior or posterior approaches. Despite this, the trochanteric flip osteotomy demonstrated lower incidences of post-traumatic osteoarthritis with no compromise of final functional outcome \[[@ref4]\]. Therefore, authors of this paper believed that trochanteric flip osteotomy is preferable and hence adopted this approach for our patient.

Femoral head fractures are fraught with complications even after successful surgical treatment. Giannoudis et al., after analysis of 153 surgical cases from 11 articles \[[@ref4]\], reported high complications rate including infection, post-traumatic osteoarthritis, heterotrophic ossification, and avascular necrosis. Scolaro et al. reported9% rate of avascular necrosis in their study of 69 patients with femoral head fractures \[[@ref19]\] while others have described rates of up to 25% \[[@ref10]\]. In the original article describing Ganz trochanteric flip osteotomy for femoral head fractures, they reported 7.7% rate of avascular necrosis from the 13 femoral head fractures they operated on Masse et al. \[[@ref6]\]. However, it is important to note in that study, none of the patients had Pipkin Type III fractures. To the best of the author's knowledge, there is no study describing avascular necrosis rate specifically in Type III fractures, likely due to rarity of this fracture configuration. Scolaro et al. \[[@ref19]\] studied a series of 147 Pipkin injuries, in that series, all 13 Type III fractures were managed with open reduction and internal fixation, but this management failed with need of conversion to a total hip arthroplasty.With poorer functional outcomes as compared to type I and II fractures and high risk of avascular necrosis, arthroplasty may be a better option in place of fixation in type III fractures. However, authors of this study do feel that every effort should be made to preserve the joint in a younger patient, whereas arthroplasty would be a more viable option in the elderly.There is currently very little evidence in the use of total hip replacement (THR) for the treatment of Pipkin fractures in young individuals. However, we do also recognize that there is already extensive evidence showing good outcomes in THR for end-stage hip disease of non-traumatic causes for young patients \[[@ref20], [@ref21]\], spurring recommendations for primary THR in the management of type III fractures \[[@ref22]\].

Conclusion {#sec1-4}
==========

Femoral head fracture-dislocations have extremely variable outcomes and we recommend careful classification and pre-operative planning before attempting surgical fixation. Optimal time of reduction and surgical approach all play an important role in final outcomes and reducing risk of complication. In particular for the Pipkin Type III femoral head fracture, careful assessment of reducibility throughradiographs and CT images may be paramount to prevent an iatrogenic femoral neck fracture and subsequent avascular necrosis of the femoral head. We hope this case report contributes to further understanding of such fractures.

###### Clinical Message

Femoral head fractures require careful classification and pre-operative planning. Astute assessment of radiographs is required pre-reduction, post-reduction, preoperatively, and postoperatively. Although rare, replacement arthroplasty should be considered for Pipkin Type III femoral head fractures due to high risk of avascular necrosis.
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